Introduction

1
Confocal and two-photon microscopy have been widely used to visualise and track biological 2 events, from the cellular to the molecular level, with the main advantage being able to 3 produce 3D images of thick sample specimens. This provides exciting possibilities to study 4 cellular interactions and microstructures when imaging optically dense tissue such as bone. by the objective lens, focused at the confocal pinhole and passed to the detector, whilst 10 fluorescent light emitted from objects not in focal plane (out-of-focus signal) will hit the 11 edge of the pinhole and be physically blocked from reaching the detector. Therefore, 12 sharper images with better contrast and higher resolution could be achieved using a 13 confocal microscope, compared to the commonly used wide-field fluorescence microscope 14 ( Figure 1A ). Since the first application in studying human cranial bone microstructure by 15 Alan Boyde in 1990 3 , confocal microscopy has become a powerful tool in research related 16 to the skeletal system, such as assessment of bone microdamage under physiological and 17 pathological conditions [4] [5] [6] . Confocal microscopy has also provided opportunities to 18 investigate bone cell-to-cell interactions in three-dimension, which is particular important 19 for research involving osteocytes and osteoblasts [7] [8] [9] [10] [11] . More recently using revised and 20 improved bone processing strategy, a significant progress has been made in the imaging of 21 the bone marrow microenvironment and particularly the vasculature in bone. . This means the operating wavelength is in the near-infrared range. In 12 addition, as the two-photon effect only occurs at the focal point, the excitation outside the 13 focal plan is limited and hence physically cutting out-of-focus signals with the pinhole is no 14 longer necessary ( Figure 1B ). All of these offer advantages compared to confocal microscopy, 15 including reduced scattering, enhanced depth penetration, lower phototoxicity, and the 16 ability to excite multiple fluorescent markers with a single excitation wavelength. In this article, using the detection of breast cancer cell bone colonisation by confocal and 1 two-photon microscopy as a representative example, we will describe a step-by-step 2 methodology, from sample preparation to data analyses, used to investigate cellular events 3 in frozen and fixed/decalcified mouse bone samples ex vivo (See schematic outline, Figure 2 ). 4 Advantages and limitations of this technology is also discussed to guide the reader as to 5 which is the most appropriate for their research question. The bone structure can be visualised by second harmonic generation using a Chameleon In this manuscript, we have described step-by-step protocols to be used in confocal and 2 two-photon microscopy in cancer bone metastasis research using mouse models. nature. In our practice, penetration depth below 150µm by two-photon laser and SHG could 22 provide optimal images for bone structure, which is not significantly superior to the 1 maximum depth (~100µm) that confocal microscopy could achieve. costs for longer scanning time. 13 In conclusion, confocal/two-photon microscopy is a powerful research tool for studying 14 cellular interactions and microstructures in murine bone models. Understanding working 15 principle, background, advantages and limitations of this technique, could help users to 16 adjust and improve their own protocol for applying confocal/two-photon microscopy to 17 cancer bone metastasis research, using our methodology as a reference. 
